The arrangem ent of th e long axis of th e long-chain organic molecules is revealed by electron diffraction p attern s of inclined specimens.
The side spacings are estim ated from a composite p a tte rn of kaolin which has a know n 's ta n d a rd ' stru ctu re and lattice constants.
A 3 cm. vacuum valve was designed to isolate the app aratu s from the oil-diffusion pum ps.
Films of long-chain organic molecules spread from petrol-ether solution in the Langmuir trough reveal molecular orientation and consist of a monolayer of molecules. Dervichian (1939) concluded th at for solid films the lattice structure and the tilt of the molecules are the same both in two and three dimensions for the different crystal forms. A microscopical examina tion of a multilayer of long-chain esters, after a period had lapsed since deposition, indicated the presence of microscopic crystals (Stenhagen 1938) , and that the molecules were arranged in some regular way (Knott, Schulman and Wells 1940) from the base of the multilayer to the surface. Bernstein (1940) suggested from X-ray measurements of an ethyl stearate multilayer th at all these crystallites have the same orientation, whilst Knott, Schulman and Wells (1940) reached the conclusion that the m ulti layers of the long-chain esters do not consist of crystallites arranged entirely at random. By electron diffraction it is possible to investigate the crystal structure of thin multilayers and even a monolayer (Havinga and Wael 1937) of the esters of the fatty acids. In addition, the photographs can be obtained shortly after deposition, before any alteration due to 'aging' might occur. As the multilayer is poly crystalline with a pronounced preferred orienta tion, the transmission pattern produced by a specimen inclined towards the incident beam will consist of features other than those appearing when the specimen is orientated normal to the beam. Tf the common axis of orientation of the crystallites, i.e. the ' fibre? axis, is not normal to the membrane supporting the multilayer, then patterns of the same specimen, inclined in different directions, will develop other h, 1c, o diffraction families.
By examining the electron-diffraction patterns of the same multilayer of a long-chain ester in different inclined positions, we can draw certain conclusions concerning the tilt of the orientation axis of the crystallites, i.e. the tilt of the long chain of the molecules.
Apparatus and technique
The camera. The electron-diffraction camera used is of the hot-cathode type, previously used in this laboratory by Lees (1935) to investigate the structure of polished metal surfaces. I t was modified by insertion of a wide-bore stopcock between the apparatus and the battery of oil-diffusion pumps. The valve, of inner diameter 3 cm., is similar to th at described by Du Mond (1935) and Rose (1937) , and is equipped with a syphon bellows as substitute for a packing gland. It is thus possible to open the camera and change the specimen or the photographic plate while the system of oil-diffusion pumps and Hyvac pump continues running. Before the camera is reconnected to the high vacuum line it is partly evacuated by means of the Hyvac.
The voltage applied to the electron gun was determined by measuring the current in a resistance of 120 M£?, connected across the electron gun. The resistance was made according to Bowdler's (1933) design.
Supporting membrane. The film holder consists of a ring over which a nitrocellulose supporting membrane is stretched. The ring is chromiumplated and polished, with a central aperture of 1 mm. diameter. If the edge of this opening is not quite plane and flat the supporting membrane is curved, and then the pattern of the supported specimen layer is dis torted. Three screw holes are made in the ring radially and mutually at right angles to each other, and serve to hold the ring while dipping it in the Langmuir trough. The ring can be screwed into the camera's speci men-holder by either of these holes, and by inclining the ring towards the incident electron beam all possible positions required can be obtained.
The nitrocellulose membranes are deposited on the ring by means of a modified Ruska (1939) apparatus. On a clean surface of water saturated with amyl acetate a thin' membrane (150 A thick) of nitrocellulose is formed from one drop of a 1 % amyl acetate solution. The surface level of the water is lowered and the nitrocellulose membrane is lowered on to the ring which is held horizontally under the water surface by means of a holder. It has been found essential to ensure th a t the supporting nitro cellulose membrane has preserved its amorphous state and is free from grease or impurities which give rise to the phenomenon of 'e x tra ' rings.
When the patterns of a specimen of a nitrocellulose membrane do not give at selected intervals up to 20 hr. any crystalline diffraction features, then the sample of the nitrocellulose solution is suitable for use. This test for intervals up to 20 hr. must always be repeated before depositing on the Electron diffraction of multilayers of esters of fatty acids 417 Multilayers. The multilayers were deposited from distilled water by the method described by Blodgett (1935) .
Calculation of A. The wave-length A was either calculated from direct measurements of the voltage applied to the electron gun, or by super imposing on the photographed pattern of the compound under consideraVol. 178. A.
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tion the pattern of a calibrating substance of known structure and lattice constant. As the spacings of the (MO) planes are known for kaolin (Shishacow 1937) , those corresponding to the rings given by the unknown sub stance can be deduced. This method has been developed further by depositing the crystals of kaolin on the rear surface of the supporting cellulose membrane, before or after the deposition on the front surface of the multilayer. In this way the patterns are superimposed simultaneously and thus we can record a composite pattern. Composite patterns of kaolin and multilayers of organic long-chain molecules give distinct features of both patterns (part II, figures 2-5, plate 11). E x p e r im e n t a l
The multilayer specimen being polycrystalline with a common axis of orientation will give rise to a diffraction pattern which, while the incident beam is parallel to the orientation axis, will consist of either DebyeScherrer rings or pairs of arcs at the opposite ends of diameters (of the same circles), in groups exhibiting a symmetry characteristic of the crystal. In the inclined positions only the planes th a t will remain or become parallel to the beam will give rise to two spots or arcs a t the opposite ends of a diameter, this diameter being perpendicular to the reflexion plane. When dealing with built-up multilayers it may be presumed th a t the tilt of the long chain is in a plane perpendicular to the supporting base (i.e. parallel to the beam) and in the direction of dipping. This is a simple and special case, as in general the tilt may be in a selected perpendicular plane in an 'upw ard' or 'downward' sense to the dipping direction. We will examine this case.
The only planes which will reflect are those whose normals coincide closely with the axis of the specimen ro tated ; more than one axis must be tried to determine the angle of tilt of the long chain of the molecules. One such axis of inclination should be the direction of dipping and another at right angles to it. Furthermore, when the axis a t right angles to the dipping direction is examined, both positive and negative directions of tilt must be tested. In all cases the axis of tilt lies on a plane normal to the beam. In figure 2 the tilt of the long-chain molecule is either upward or downward with respect to the dipping direction, for the position perpen dicular to the beam (p) there is no difference, but two (or four) distinct positions are possible for the tilted specimen; d (I and II) and the l (I and II) (figure 2).
In the electron-diffraction pattern of long-chain molecules (paraffins, fatty acids, greases, etc.), it was suggested by Murison (1934) and shown by Motz and Trillat (1935) th a t the pattern is caused by interference between the successive (CH2) groups of the carbon chain. The distance of the reciprocal points in the direction parallel to the long axis of the molecule is much larger than the distance in the perpendicular direction. So, even in the inclined position of the specimen, the only features appearing in the pattern are due to the planes which remain or become parallel to the beam and which appear as pairs of spots or arcs at opposite ends of a diameter, this latter being the projection of the axis. The sphere of reflexion does not pass through those reciprocal points corresponding to a pyramidal plane.
Electron diffraction of multilayers of esters of fatty acids
If the patterns of all the inclined positions show the same pairs of arcs at opposite ends of a diameter, then the reflecting planes in all azimuthal directions are parallel to the beam or, more accurately, there are in all directions some planes parallel to the incident electron beam. For the case of organic long-chain molecules this means many crystalline aggregate units are normal, and for a multimolecular layer, where a pronounced preferred orientation is expected, all the long axes of the organic long-chain molecules are normal. When the long-chain molecules of a multilayer are tilted in a common direction, then only one of the inclined positions gives a good pattern of pairs of arcs on opposite ends of a diameter.
These patterns resemble those which Burgers and Van Amstel (1936) succeeded in photographing with their reciprocal lattice model for paraffins, where the long chains are vertical. The patterns of inclined specimens for methyl and ethyl stearate and octadecyl-acetate are all similar and have as characteristic features pairs of arcs at opposite ends of diameters for all the possible positions. The patterns of the inclined specimen of cholesterol acetate (part II, figure 1, plate 11) present entirely different features. The features of inclined speci mens of the two-dimensional crystals of silica, formed by evaporating a suspension of kaolin (part II, figures 2-5, plate 11) in water on a cellulose film, give arcs of symmetrical pyramidal planes and show th a t the c-axis of the hexagonal symmetry is normal to the supporting film; Our thanks are due to Professor E. K. Rideal for his stimulating criticism, also to the British Council for the grant of a scholarship (G.D.C.) and to the Salter's Institute of Industrial Chemistry for the grant of a Fellowship (A.C.).
